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RÉSUMÉ 
Les domaines vitaux et les déplacements estivaux des Chocards Pyrrhocorax graculus 
ont été étudiés par radiopistage dans une grande vallée alpine (Cervinia, Valtournanche, 
nord-ouest des Alpes italiennes) et comparés à ceux mesurés de la même façon dans une plus 
petite vallée (Palanfrè, Val Grande, sud-ouest des Alpes italiennes) . Les oiseaux n'ont jamais 
transgressé les lignes de crête délimitant les vallées. Les domaines étaient en moyenne dix 
fois plus étendus à Cervinia qu' à  Palanfrè ; toutefois, les rapports surface des domaines 
individuels (MPC 1 00 %)/surface potentiellement disponible aux oiseaux ne différaient 
statistiquement pas entre les deux sites. Les oiseaux étaient plutôt dispersés à Cervinia mais 
concentrés dans quelques secteurs à Palanfrè. La proportion de localisations dans les 
pâturages et les falaises était plus faible à Cervinia qu' à  Palanfrè. Enfin, les oiseaux 
changaient plus souvent de secteur et volaient sur de plus longues distances à Cervinia qu'à 
Palanfrè. Ces résultats suggèrent que les  structures spatiales du paysage comme les 
contraintes topographiques (hautes lignes de crête) et l ' étendue de la zone favorable aux 
oiseaux affectent de manière significative les déplacements et les domaines vitaux du 
Chocard. La localisation des sites de reproduction par rapport aux gagnages influe aussi sur 
les déplacements. Bien que le comportement de prospection estivale du Chocard dépende au 
moins en partie de la distribution et de la disponibilité des ressources alimentaires, nous 
pensons qu'il  est également affecté par les contraintes topographiques et d' autres facteurs 
écologiques locaux. 
SUMMARY 
Summer home ranges and movements of Alpine Choughs Pyrrhocorax graculus 
radiotracked in a large Alpine top valley (Cervinia, Valtournanche, north western Italian Alps) 
were compared with those radiotracked in a small Alpine top valley (Palanfrè, Val Grande, 
southwestem Italian Alps).  Birds never ftew beyond the mountain ridges delimiting the two 
areas. On average, home ranges at Cervinia were ten times as large as those at Palanfrè; 
however, ratios between the extent of individual home ranges (MPC 100 %) and the area 
potentially available to birds were not significantly different in the two areas. Bird locations 
were rather scattered at Cervinia, whereas they were concentrated in a few cells at Palanfrè. 
The proportion of fixes spent at pastures and cliffs was lower at Cervinia than at Palanfrè. 
Finally, birds changed cells more often and flew for a longer distance at Cervinia than at 
Palanfrè. These results suggest that spatial structures of the landscape such as topographical 
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constraints (high mountain ridges) and the extent of the area available to birds significantly 
affect movements and home ranges of the Alpine Chough. Movements also depend on mutual 
location of foraging and nesting sites and on typical ecological factors such as food 
availability and distribution. Therefore, we conclude that the sumrner ranging behaviour of 
the Alpine Chough is affected both by local topographical and ecological factors. 
INTRODUCTION 
Ranging behaviour of birds may be affected by different ecological factors. 
Spacing patterns significantly depend on resource quality, distribution in space and 
time, and the number of competitors (Davies & Huston, 1984). In the Maremma 
Natural Park (Central Italy), movements and home ranges of the Jay (Garrulus 
glandarius) were mainly controlled by food availability and its distribution 
throughout the year (Rolando, 1 998). Likewise, in the Alps the major determinants 
of the ranging behaviour of the Nutcracker (Nucifraga caryocatactes) during 
auturnn tumed out to be availability and distribution of resources (Rolando & 
Cariso, 1 999) . The effect of competitors is quite evident in territorial systems 
where movements are limited through inter-individual interactions. However, in 
certain species (e.g. the Great Reed Warbler Acrocephalus arundinaceus, Rolando 
& Palestrini, 199 1 )  individuals are known also to move outside territorial 
boundaries to feed. 
Species which depend upon a particular habitat type are limited by its extent, 
whereas others may take advantage from habitat heterogeneity, i. e. from the 
presence of more than one habitat type in the same area. Landscape ecology 
suggests that spatial structures of the landscape significantly affect biological 
processes as weil (Barbera, 1 997 ; Farina, 1 998).  It bas been shown that both 
habitat and landscape factors significantly affect the presence of bird species in 
woodland fragments (Hinsley et al. , 1 995) .  Accordingly, it might be expected that 
movements may be limited by landscape features such as the physical structure of 
an area. Mountain topography, for instance, significantly affects movements and 
home range in the Black Bear Ursus americanus (Powell & Mitchell, 1 998) .  Even 
though birds are surely less sensitive than mammals to orographical barriers, it 
cannot be excluded that their ranging behaviour is affected as weil . Reid and 
Weatherhead ( 1988) were able to document that territories of Ipswich Sparrows 
Passerculus sandwichensis were affected by local topography. 
The Alpine Chough (Pyrrhocorax graculus) is a typical high mountain 
species. In the Alps it nests in steep cliffs and forages on high pastures .  Heads of 
Alpine valleys usually offer both cliffs and pastures and, bence, they are often 
selected by birds from June to August. Alpine Choughs are excellent ftyers which 
soar very high by means of thermals.  Accordingly, they are able to climb over the 
highest mountain-summits, but these ftights have surely a cost, at least in terms of 
waste of time. 
We compared home ranges and movements of Alpine Choughs inhabiting the 
upper end of the Valtoumanche around Cervinia (northwestem Italian Alps, Aosta 
province) with those monitored in the Val Grande of Palanfrè (northwestem Italian 
Alps). The two sites show remarkably different landscape features .  The area 
delimited by ridges and available to birds is much broader at Cervinia than at 
Palanfrè. Moreover, the relative location of pastures and cliffs is different as weiL 
At Cervinia pastures largely extend on the east and northward slopes of the valley 
384 -
whereas nests were built in the westward cliffs, at a distance of a few kilometres 
from pastures.  Conversely, at Palanfrè pastures extend all around the cliffs so that 
birds leaving nests can fly only a few tens of metres to reach the nearest foraging 
pastures.  
The main aim of this study was to ascertain whether the ranging behavior of 
the Alpine Chough in summer is affected by spatial structures of the landscape 
such as mountain ridges and the extent of the area available to birds. The possible 
effect of the relative spatial proximity between foraging and nesting sites and food 
availability were also considered and discussed. 
STUDY AREAS 
The two study areas (i. e. Cervinia and Palanfrè) are located in the western 
Italian Alps. These areas are remarkably different with regard to area extent 
(Fig. 1 )  and altitudes (Fig. 2) .  
N A 
CERVIN lA 
Frisson 
2S37 
PALANFRE' 
�\\ Cl iffs 
·.-.: Pastures
D Giaciers 
Iii Lakes 
2 km 
Figure 1 .  - The relative extent of the two study areas with major orographical features.  
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Figure 2. - Altitude profiles of the two study areas at the leve! of major feeding sites.
a) Cervinia (45° 57'  North, r 38' East, Aosta Valley)
The study area encompasses the whole upper end of the Valtoumanche which 
develops from South to North and is delirnited by high granitical mountains. The 
upper end of the valley is delirnited from high cliffs at West (Grandes Murailles, 
up to 3 900 rn high), from the impressive mass of Mount Cervino at North 
(4 476 rn high) and those of large glaciers at North-East (Plateau Rosa, 3 500 rn). 
Foraging pastures extend around Cervinia (2 000 rn altitude) almost exclusively 
above the tree line (just above 2 000 rn altitude) up to 2 500 m. Cliffs of Grandes 
Murailles were used for roosting and nesting. 
The lowest altitude lirnit of Alpine Choughs during the study period was at 
about 1 850 rn a. s . l . ;  the area comprised between the 1 850 rn contour line and the 
valley watershed was considered as the area potentially available to birds, which 
extended over 1 1 2  km2. We estimated a population size of 250-300 individuals. 
b) Palanfrè (44° 1 2' North, 7° 34' East, Cuneo province, Piedmont)
The upper end of the Val Grande of Palanfrè, included within the Maritime 
Alps Natural Park, develops from North to South and is delirnited from calcareous 
mountains whose maximum elevation is Monte Frisson (2 637 rn) at South. Alpine 
Choughs used cliffs of Costa Lausea (2 202 rn) and Monte Colombo (2 26 1 rn) for 
roosting and nesting. Foraging pastures extend at the base of these mountains, at 
around 1 600-2 000 m. The area potentially available to birds, with the lower 
altitude lirnit placed at about 1 350 rn a.s . l . ,  extended over 8 km2. Only 30-40
individuals inhabited the valley during spring and summer. 
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METHODS 
In both areas birds were caught using an elastic-powered clap net or 
monofilament nylon nooses set in area baited with small pieces of breads and 
sultana raisins (Büchel, 1 983) .  Each bird was marked with a unique combination 
of coloured leg rings and radio-tagged with small transmitters tied and glued to the 
base of the two central tail feathers (Kenward, 1978, 1 987). Transmitters were 
2.5 g button cell tags with 173 .200- 173 .350 MHz frequency range and about 
3 months battery life. Two IDS Executive 1 000 receivers with Yagi antennae were 
used. 
The study was carried out around Cervinia in June, July and August 1989 and 
1 990 and at Palanfrè in the same months in 1994, 1 995 and 1 996. 
In both areas tracking was carried out from high observation points by one 
person at a time when movements across the study area were regular and by two 
observers simultaneously from widely-separated observation points when move­
ments were erratic and unpredictable. The distance of the observer from birds 
varied between 1 00 rn and 4-5 km. When possible, the accuracy of fixes 
positioning was checked by sight using 8 x 40 field glasses and 15-45 x 60 zoom 
telescopes. In fact, in many cases it was possible to check whether a radio-tagged 
bird was in an observed ftock by watching the birds' behaviour and simultaneously 
listening to the radio signal, which varied considerably between different activities 
such as foraging, ftying and perching. lt became clear within a few minutes 
whether the changes in the radio signal were synchronized with the observed birds' 
behaviour. Positions determined in this way were plotted within 0.5 x 0.5 km 
squares on a grid of the study area, as were the intersections of radio-fixes made 
by two observers simultaneously. Visual and radiotelemetric locations agreed in 
most cases. 
DATA ANALYSIS 
The Wildtrak software system was used in the analysis of radiotelemetric data 
(Todd, 1 992). Range sizes were obtained with the "minimum convex polygon" 
method (MCP) because there is little ambiguity in the way that it is calculated and 
it therefore allows greater comparability between studies (Harris et al. , 1990). 
Minimum convex polygons were obtained considering 1 00, 95 and 50 % of fixes 
lying most closely to the arithmetic mean centre of the range. Grid cell (GC) 
analysis was used to provide information about spatial utilisation of home ranges, 
i. e. the frequency distribution of fixes and the rate of habitat change (from pasture 
to cliffs and vice-versa) . Radio-tagged choughs were checked every 15  minutes. 
Locations were assumed to be independent because the birds moved every few 
minutes. Moreover, a general rule of thumb suggests that two consecutive 
locations can be considered statistically independent whether sufficient time 
elapsed for the animal to move from one end of its home range to the other (White 
& Garrott, 1 990) . This was just the case because Alpine Choughs were able to fly 
at a speed of 94.6 km/h (Rolando & Patterson, 1993), bence ftying from one end 
of the home range to the other in a few minutes. 
Data collected at Cervinia bad been already analysed and published using 
Mcpaal software (Rolando & Patterson, 1 993). Fixes, however, were re-analysed 
since neither MCP nor GC analyses had been previously carried out. 
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Space use was analysed comparing the area potentially available to birds with 
that of individual home ranges (MCP). For each radio-tagged individual we 
calculated the proportions of grid cells with different use frequency, i. e. cells 
which were never visited by the bird, cells which scored less than 1 % of fixes, 
from 1 to 10 %, from 10 to 30 % and more than 30 % of fixes. Data were also 
analysed considering all the fixes collected (i. e. pooling the fixes of the different 
individuals). In this latter case, given that every cell was visited at least once, the 
category "cells never visited" was ornitted. 
Habitat use was analysed taking into account the proportions of fixes in each 
main habitat (i. e. pastures and cliffs) and those of interfixes regarding the same 
habitat or the switch from one to another. Interfixes indicate the possible location 
and activity of the birds between consecutive fixes, bence describing the habitat 
use dynarnics. Only continuous series of fixes (i. e. with 1 5  min intervals between 
consecutive fixes) were considered for this analysis. 
Movements were analysed considering the number of interfixes conceming 
different cells and the distance (in metres) covered by birds during these cell 
changes.  
Differences between home range sizes were tested by non-pararnetric 
techniques, whereas differences between proportions were tested by the x2 test 
using contingency tables. 
RESULTS 
HOME RANGE SIZE 
Home range sizes of Alpine Choughs radiotracked at Cervinia and Palanfrè 
are shown in table I and figure 3 .  At Cervinia range size (MCP 95 %) varied from 
7.5 to 14 .6 km2, whereas at Palanfrè it varied from 0.5 to 2.7 km2. On average,
home ranges (MCP 95 %) at Cervinia were ten times as large as th ose at Palanfrè 
( 1 0.5 vs. 1 . 1  km2). Median values (MCP 95 %) were 9 . 1 for Cervinia and 0.6 for 
Palanfrè. 
Differences were highly significant, independently of the proportions of fixes 
considered (Mann-Whitney U test, MCP 1 00 % :  U = 0, P < 0.0008;  MCP 95 %:  
U = 0, P = 0.0008 ; MCP 50 %:  U = 4.5 ,  P = 0.004) . However, the ratios between 
the extent of individual home ranges (MPC 1 00 %) and the area potentially 
available to birds were not significantly different in the two areas (Kolmogorov­
Srnimov test, N.S . ) .  
During the study period birds never abandoned the two valleys and never ftew 
beyond the mountain ridges delirniting them. 
SPACE USE 
GC analysis showed that space use was different in the two areas. Alpine 
Choughs used more grid cells at Cervinia than at Palanfrè ( 1 02 vs. 1 9) .  
The proportion of cells every bird never visited was higher at Cervinia than 
at Palanfrè (70. 1 % vs. 40.5 %, i. e. 7 1 .5 out of 1 02 cells vs. 7.7 out of 1 9  cells) 
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TABLE 1 
Number of fixes, number of tracking days, period of tracking and home range sizes 
(ha) for the tagged Alpine Choughs at Cervinia and at Palanfrè. Home range sizes 
were calculated with the minimum convex polygon (MCP) using 100 %, 95 % and
50 % of fixes, respective/y
N° of 
Home range size (ha) 
Alpine Are a N° of da ys Period of Chough fixes tracked trac king MPC MCP MPC 
1 00% 95% 50% 
1 Cervinia 67 8 June-July 1 989 2 1 75 950 637 
2 Cervinia 5 1  8 July 1 989 1 0 1 2  950 1 2  
3 Cervinia 95 1 1  July 1 989 1 587 1 462 50 
4 Cervinia 2 1 4  1 5  June-July 1 990 3 6 1 2  1 375 87 
5 Cervinia 1 67 1 2  June-July 1 990 1 1 00 1 012  287 
6 Cervinia 1 26 1 0  June-July 1 990 1 437 862 137  
7 Cervinia 68 1 2  June-July 1 990 1 200 750 275 
8 Cervinia 1 5 8  1 2  June-July 1 990 1 625 1 075 362 
9 Palanfrè 27 1 28 May-July 1 994 237 1 75 1 2  
1 0  Palanfrè 7 1 4  44 May-July 1 994 1 37 50 2 
1 1  Palanfrè 40 1 23 June-July 1 994 250 1 37 25 
1 2  Palanfrè 195 21  May-July 1 995 275 275 25 
1 3  Palanfrè 584 33 May-July 1 995 2 1 2  62 1 4  
1 4  Palanfrè 2 1 8  1 6  June-July 1 995 1 62 55 10  
15  Palanfrè 207 1 8  June-July 1 996 1 1 2 45 1 3  
1 6  Palanfrè 1 66 1 3  June-Ju1y 1 996 75 50 1 1  
whereas, conversely, that of cells which scored more than 1 0 % of fixes was lower 
at Cervinia than at Palanfrè �1 .7 vs. 1 5 .3 ,  see Table Il) . Differences between the
two areas were significant (X = 1 2.4, P < 0.05) .
When overall fixes were considered, the proportions of cells scarcely visited 
by all birds (i. e. Jess than 1 % of fixes) was higher at Cervinia than at Palanfrè 
(7 1 .6 vs. 52 .6 %) and the opposite was true for cells which were often used (i. e. 
over 1 0 % of fixes) . Differences between proportions of the two areas were still 
significant (X2 = 1 2.0, P < 0.05) .
TIME BUDGET AND HABITAT USE 
When all fixes were taken into account, proportions of fixes regarding 
pastores and cliffs were higher at Palanfrè than at Cervinia (3 1 .7 and 21 . 1  %, 
respective! y,  vs.  24.2 and 1 5 . 1  % ) ,  whereas the opposite was true for fixes 
conceming fiying birds (47 .2 vs. 60.7 %). Differences between the two study areas 
were significant (X2 = 43 . 6 , P < 0.0 1 ) .
However, when fixes conceming fiights were excluded from the analysis, no 
significant difference was detected, since in both areas about 60 % of fixes 
regarded pastores and 40 % cliffs (X2 = 0.3,  N.S.) .  
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PALANFRE' 
CERVIN lA 2 km 
Figure 3 . - Home range (MPC 95 %) compari son betwccn Ccrv i n i a  and Palanfrè. 
MOVEMENTS 
Birds changed cells more often at Cervinia (55 % of consecutive interfixes) 
than at Palanfrè ( 42 %) (X2 = 30.6, P < 0.01 ). Marco ver, wh en they movcd, birds 
flew for a longer distance at Cervinia than at Palanfrè (mean values of 1 687 vs. 
629 metres; medi an values of 1 450 and 625 metres; Mann-Whitney U test, U = 0, 
P < 0.001 2). The highest mobility of birds at Cervini a  was also confirmed when 
other paramcters were taken into account. B ath the ratios, "total distance ftown by
birds/number of fixes" and "total distance flown by bi rds/number of interfixes with 
change of cel!" ,  were in fact higher at Cervinia than at Palanfrè, whatever the 
habitat considercd (Table III). 
Percentages of interfixcs showing movements between cliffs and pastures 
were qui te close in the two study areas ( 1 1 . 6 % at Cervinia v e rsus 9. 1 % at 
Palanfrè) ;  ncvertheless, proportions of interfixes regarding pastures were higher at 
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TABLE II 
Space use. Number of grid cells classified according to five categories of use
( expressed as percentages of fixes). Nr = total number of grid cells used in each area. 
Note that when poo led fixes are cons ide red (al! birds), every grid cel! is visited at !east 
once (the category 0 %  is therefore absent). Percentages in brackets refer to the row
and express the ratio between the number of grid cells of that given category to the 
total number of grid cells used in each area (i .e. 102 at Cervinia and 19 at Palanfrè).
Alpine A rea 
Percentages of fixes 
Nr Chough 0% 0 - 1 % 1 - 10% 10 - 30% over 30% 
1 Cervinia 85 0 13 4 0 102 
2 Cervinia 88 0 I l  2 1 102 
3 Cervinia 86 0 15 0 1 102 
4 Cervinia 5 1  33 16 2 0 102 
5 Cervinia 61 14 26 1 0 102 
6 Cervinia 70 12 18 2 0 102 
7 Cervinia 74 0 27 1 0 102 
8 Cervinia 57 15 30 0 0 102 
mean Cervinia 7 1 .5 (70. 1 )  9.25 (9. 1 )  19 .5  ( 19 . 1 )  1 .5 ( 1 .5) 0.2 (0.2%) 102 (100%) 
ali birds Cervinia 1 73 (7 1 .6) 29 (28.4) 0 0 102 (100%) 
9 Palanfrè 5 3 9 1 1 19 
10 Palanfrè 10 5 2 1 1 19 
I l  Palanfrè 5 6 6 0 2 19 
12 Palanfrè 4 3 9 3 0 19 
13  Palanfrè 7 6 3 2 1 19 
14 Palanfrè 10 4 2 2 1 19 
15  Palanfrè 10 2 3 3 1 19 
16 Palanfrè 1 1  1 3 3 1 19 
mean Palanfrè 7 .7 (40.5%) 3.8 (20%) 4.6 (24.2%) 1 .9 (10%) 1 (5.3%) 19 (100%) 
ali birds Palanfrè 1 10 (52.6%) 7 (36.8%) 1 (5.3%) 1 (5.3%) 19 (100%) 
TABLE III 
Differentiai mobility of the Alpine Chough at the two study areas. Parame ter A = total 
distance (m) fiown by birds!number of fixes; parameter B = total distance (m)jlown by 
birds/number of interfixes with change of cel!. 
Parameters 
A rea Movements between habitats 
A B 
Cervinia pastures-pastures 576,7 965 , 1  
cliffs-cliffs 553,8 1 1 3 1 , 1  
pastures-cliffs 1 400 1 586,6 
Palanfrè pastures-pastures 1 66,5 544,4 
cliffs-cliffs 56,6 500 
pastures-cliffs 452,4 592,8 
Palanfrè than at Cervinia (78 .2  % vs. 56.2 % ), whilst those re garding cliffs were 
lower ( 1 2.7 % vs. 32.2 %).  Such differences between the two study areas were 
significant (X2 = 3 1 .2,  P < 0.01 ) .
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DISCUSSION 
High mountain ridges per se are certainly not insuperable barriers for Alpine 
Choughs. It is well documented that during winter they are able to undertake daily 
movements over distances of 10-20 kilometres, descending and climbing as much 
as 2 000 metres on their journeys from the roost to the foraging areas and on the 
way back (Laiolo et al. , in press). At Palanfrè, in particular, birds are known to 
desert the valley during winter (personal observations) .  Nevertheless, during the 
periods considered, radio-tagged birds never fl.ew beyond mountain ridges 
delimiting the two areas. Alpine Choughs are social birds which always forage in 
flocks. Foraging benefits to ftocking have been questioned (Rolando et al. , 1 997) 
and short term costs (such as a reduction in foraging efficiency) have been also 
pointed out (Delestrade, 1 999). It is possible that long-term advantages of fl.ocking 
related to social bonds, such as the maintenance of pair bonds, may compensate for 
foraging costs (Delestrade, 1 999). Moreover, non breeders foraging flocks might 
be useful to assess and compare the potential of roost mates both as feeding 
partners and future mates, as suggested for the Alpine Chough congener, the 
Red-billed Chough P. pyrrhocorax (Blanco & Tella, 1 999) . Another potential 
advantage of flocking is predator avoidance: the survival value of this social 
behaviour seems to be confirmed by the pattern of vigilance observed in the 
Red-billed Chough (Rolando et al. , in press). Hence, any Alpine Chough flying 
beyond a mountain ridge loses touch with the fl.ock and risks therefore to lose both 
social and survival benefits . 
From June to August Alpine Choughs are particularly tied to cliffs for nesting 
and parents defend nesting sites even when they fail to reproduce (Laiolo & 
Rolando, in press). To fly beyond a ridge may imply to lose sight of nest sites and 
to be unable to defend them. 
All the above means that in summer, at least for populations living at upper 
ends of Alpine valleys, mountain ridges would act as topographical constraints 
which delimit the space that is convenient for and, therefore, virtually available to 
Alpine Choughs. 
On average, home ranges at Cervinia were ten times as large as those at 
Palanfrè. These dramatic differences seem to depend mostly upon the extent of the 
area available to birds. When the effect of the study area extent was considered (by 
calculating home ranges/local potentially available areas ratios), differences 
between the two areas were no longer significant. Bird locations were rather 
scattered at Cervinia, whereas they were concentrated in a few cells at Palanfrè. It 
may be argued that space availability directly affected space use and locations of 
birds were dispersed at Cervinia and concentrated at Palanfrè because of the 
relative extent of the two areas. In general, the longer the distance to be covered 
by a bird, the shorter the foraging stops and/or the longer the distance covered at 
each flying bout. This was just the case of the Alpine Chough at Cervinia, where 
distances were much longer than at Palanfrè. Accordingly, we also suggest the 
degree of mobility of Alpine Choughs depends on space availability. 
Space use and home range size may also be infl.uenced by the location of 
foraging and nesting sites, i. e. the distance between cliffs and pastures.  Our results 
clearly suggest that the mutual location of foraging and nesting sites affected time 
budget. At Cervinia, in particular, when Alpine Choughs left pastures, they spent 
long time fl.ying back to cliffs, sorne kilometres distant from pastures (Rolando & 
Patterson, 1 993) .  As a consequence, the proportion of time spent at pastures and 
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cliffs was lower at Cervinia than at Palanfrè. It must be mentioned that birds did 
not seem to go just at the nearest pasture location from their site to forage: at 
Cervinia most pastures at the foot of the cliffs were in fact rarely visited by birds 
in summer, maybe because of low insect availability. In spite of the differences 
between the two areas, the ratio between fixes regarding pastures and those 
regarding cliffs was virtually identical, suggesting that birds parcelled out foraging 
and reproducing time according to biological requirements that are species­
specific. 
In conclusion, our results suggest that spatial structures of the landscape such 
as topographical constraints and the extent of the area available to birds 
significantly affect movements in the Alpine Chough, in keeping with previous 
theoretical (Barbero, 1 997 ; Farina, 1998) and experimental data (Reid & Weath­
erhead, 1988 ;  Hinsley et al. , 1 995 ; Powell & Mitchell, 1 998).  In addition, the 
mutual location of foraging and nesting sites may also influence ranging 
behaviour. However, if the location of cliffs is a physical and static feature at each 
site, that of pastures may depend on seasonal resource availability. At Cervinia 
during summer birds foraged in the north-east part of the valley, maybe for the 
availability of grasshoppers there (Rolando & Patterson, 1 993), whilst during 
au tu mn ftocks foraged in the north-west part of the valley just below the high cliffs 
searching for berries (especially Juniperus) and hips (Rosa), which were abundant 
there (P. Laiolo ' s  observations) . Moreover, sorne data suggest the winter move­
ments of the Alpine Chough are caused by food availability and distribution 
(Laiolo et al. , in press). The dynamics of resource availability may therefore affect 
Alpine Chough ranging behaviour as observed in the Nutcracker and in the Jay 
(Rolando, 1 998 ;  Rolando & Carisio, 1999). Accordingly, it is likely that the 
ranging behaviour of the Alpine Chough in summer is affected both by topographi­
cal and ecological factors .  
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